
ADVANCED silicon sheet 

CREEP OF V' 


N87- 16410 

e RIBBONS 


CORNELL 'JN > RSITY 
S. Hyland av.- ; G. Ast 


1 . Ox r Content 
„ aep Law 

3. Mk’usccpic Mechanisms 
Silicon Sheet Growth and Characterization 


-9 

merest coKcnrnunoN w cm 




I 



Transmis! 


ADVANCED SILICON SHEET 


IR Transmission Versus Wavenjmber for Cz Silicon 
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IR Transmission Versus Wavenumber for Low Stress Web 
Before and After 850°C, 24-Hour Heat Treatment 
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ADVANCED SILICON SHEET 


IR Transmission Versus Wavenumber for High Stress Web 
Before and After 850°C, 24-Hour Heat Treatment 
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Four-Point Bending Rig at MSEC 
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Deflection Versus Time for Web Silicon 
Four-Point Bending 
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Preliminary Analysis of Four-Point Bending 



r = samoie thickness 
- - sample width 
£5 = surface strain 
c s = surface stress 

R = h/(2e s ) 

C; = R - Rccs[arcsin{i/(2R)|] = i‘ t /(2R) 


for D; (( R 
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Assuming a Power Low Creep 
£ = £ 0 a n 

therefore. c( 2 ) = [(8Diz)/(£ 0 i 2 ] 1//n 

Tne stress can be determined from the 
slope of the deflection vs. time curve. 

Tne moment is obtained from the stress: 

f-K/S. 

M = 2B J°a( z)zdz 
= 2B[(8D;)/(i 2 i 0 ]’ /n 

[n/(2n+1)][h/2] (2nH -' )/n 


& 


i 

1 


j 



301 



ADVANCED SILICON SHEET 


Preliminary Analysis of Four-Point Bending (Cont'd) 


jnder elastic loading: 

a s = 6[M/(h 2 9)] 
jnder plastic loading: 

a s = 4[M/(h 2 B)] 



Kaiejs uses an intermediate factor of 5. 
We will use tne plastic factor of 4. 


experimentally, 


25 mm 


D; - 7000 a 

i = 


h = 

0.153 mm 


leading to: t 0 = 

8.8x10'® 

sec' 1 


Creep Law: 
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Data from Web Bending Tests 

1 




■1 

applied Stress 

Experimental $ t 

Power Law Fit 


(MPa) 

(MM/MIN) A 

(mm/min) 

n=3 


27 

2 

2.6 


16.3 

0.6 

0.62 


35.4 

6 

6.3 

T 

{ 

16.8 

0.5 

0.68 


16.8 

0.5 

0.6* 


13* 

0.1 

0.3 



• WEB WITH DENORITES ON ASSUMING LOAD IS CARRIED BY SQUARE 
OENDRITES ONLY. 


Power La* Fit. $ t « — « 

1 7000 

FROM FIT TO DATA 
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Deflection Versus Time for Web Silicon 
Four-Poim Bending 
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Predicted Deflection Versus Time Curve 
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S F * S : (1.5)'!* 

APPROXIMATELY = 0.3 TO 0.36 Sj FOR N : 2 ,£ 3 

ASSUME THAT THE MATERIAL DOES NOT CHANCE DURING THE TEST. 
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ADVANCED SILICON SHEET 

Analysis of Strain Transition 


Elastic: D; e = [i 2 / 4-Eh] a s 

Plastic: D; p = 7 qqq a s 3 t (experimentally) 

i 

When does the elastic load distribution 
change to a plastic load distribution? 

D; p = N D; e 

, assume N = 5: 

a) a s = 27 MPa h = 0.153 mm 

i = 25mm E(111)=1.9 x 10 p MPa 

Uransition = 15.5 sec 

v 

b) cr s = 1 6 MPa 

^transition = 44 sec 

This order of magnitude seen for 
transition from Sj to Sf. 

Lead redistribution is responsible for the 
transition. 
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There is no stress on a dislocation at 
the neutral axis(1). 

A dislocation at the neutral axis will 
experience a stress due to the long 
range stress fields of following 
dislocations®. 

If the following dislocations are located 

in a part of the sample where they are 

under an applied stress®, they may 

generate enough stress on the leading ; 

dislocation to push it through the neutral ! 

axis. 

Therefore, if the length of a dislocation 

pile-up is some fraction of the thickness ; 

of the sample, such as in the case of j 

Web silicon ribbons, there may be 

enough stress on dislocations at the 

neutral axis to cause them to move 

through, resulting in "strain bursts". 
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Analysis of Strain Bursts 
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Summary 


4-Point Bending 

Data consistent with 

-transient due to load redistribution 

—creep law, at 1000 deg C: 4= q * id’ o'* £<t;«hrD 

Observed creep slower for Web than for Cz 

Oxygen Measurements 

High Oxygen content of 20 ppma 

Width of IR absorption peak greater for Web 

Low stress ribbons— no change with annealing 

High stress ribbons-width of oeak decreases 
with annealing 

Appearance of shoulder on IR peak is not predictable 


